Introduction
Navigation to target structures during interventional procedures is based on pre-intervention imaging data sets. Thereby respiration causes a spatial displacement of internal organs, providing two challenges for which compensation strategies are needed. The pre-intervention image quality is adversely affected through motion artifacts. Additionally, the movement of the internal organs during the intervention affects the accuracy of the navigation. To address these issues information about respiration phases (inspiration, expiration) and mode (thoracic, abdominal) is needed.
Methods
The developed respiratory motion compensation system gathers data from a set of tri-axial accelerometers placed on the thorax of the subject. The accelerometers deliver information about the inclination of the sensor with respect to the gravitation vector. The algorithms provide real-time information about respiratory phases and differentiate between thoracic and abdominal respiration. By utilizing this information it is possible to trigger the pre-intervention imaging at low-movement respiratory phases. Furthermore, during the intervention a comparison of the real-time respiration data with the associated pre-intervention images can be performed, allowing an accurate organ location prediction.
Result
The respiratory motion compensation system was tested in both mock up and animal experiments. By triggering the images synchronously with the expiratory maximum as detected by the system, a significant improvement in image quality was achieved. Additionally, the system was successfully integrated and tested with a novel navigation software platform for interventional therapy where the sensor system provides real-time respiratory information as feedback to the physician.
Conclusion
A workflow for a respiratory motion compensation strategy in the interventional therapy has been demonstrated. Thereby, a substantial image quality improvement was achieved by utilizing respiration-triggered images. Additionally, the real-time information delivered by the system regarding the respiratory phase and the distribution between thoracic and abdominal breathing enhanced the navigation platform and proved to be an important assistance to the physician.
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